Sensing Mechanisms in the Redox-Regulated, [2Fe-2S] Cluster-Containing, Bacterial Transcriptional Factor SoxR.
Bacteria possess molecular biosensors that enable responses to a variety of stressful conditions, including oxidative stress, toxic compounds, and interactions with other organisms, through elaborately coordinated regulation of gene expression. In Escherichia coli and related bacteria, the transcription factor SoxR functions as a sensor of oxidative stress and nitric oxide (NO). SoxR protein contains a [2Fe-2S] cluster essential for its transcription-enhancing activity, which is regulated by redox changes in the [2Fe-2S] cluster. We have explored the mechanistic and structural basis of SoxR proteins function and determined how the chemistry at the [2Fe-2S] cluster causes the subsequent regulatory response. In this Account, I describe our recent achievements in three different areas using physicochemical techniques, primarily pulse radiolysis. First, redox-dependent conformational changes in SoxR-bound DNA were studied by site-specifically replacing selected bases with the fluorescent probes 2-aminopurine and pyrrolocytosine. X-ray analyses of the DNA-SoxR complex in the oxidized state revealed that the DNA structure is distorted in the center regions, resulting in local untwisting of base pairs. However, the inactive, reduced state had remained uncharacterized. We found that reduction of the [2Fe-2S] cluster in the SoxR-DNA complex weakens the fluorescence intensity within a region confined to the central base pairs in the promoter region. Second, the reactions of NO with [2Fe-2S] clusters of E. coli SoxR were analyzed using pulse radiolysis. The transcriptional activation of SoxR in E. coli occurs through direct modification of [2Fe-2S] by NO to form a dinitrosyl iron complex (DNIC). The reaction of NO with [2Fe-2S] cluster of SoxR proceeded nearly quantitatively with concomitant reductive elimination of two equivalents S0 atoms. Intermediate nitrosylation products, however, were too unstable to observe. We found that the conversion proceeds through at least two steps, with the faster phase being the first reaction of the NO molecule with the [2Fe-2S] cluster. The slower reaction with the second equivalent NO molecule, however, was important for the formation of DNIC. Third, to elucidate the differences between the distinct responses of SoxR proteins from two different species, we studied the interaction of E. coli and Pseudomonas aeruginosa SoxR with superoxide anion using a mutagenic approach. Despite the homology between E. coli SoxR and P. aeruginosa SoxR, the function of P. aeruginosa SoxR differs from that of E. coli. The substitution of E. coli SoxR lysine residues, located close to [2Fe-2S] clusters, into P. aeruginosa SoxR dramatically affected the reaction with superoxide anion.